Synthesis of Newcastle disease virus (NDV)-iike envelopes in insect cells
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Electron microscopical examination of negatively stained extracellular fluids (ECF) from Spodoptera frugiperda cell cultures infected with a recombinant baculovirus expressing the Newcastle disease virus (NDV) haemagglutinin-neuraminidase (HN) revealed NDV-like envelopes which resembled the envelopes of authentic NDV. Immunogold staining with anti-NDV H N monoclonal antibodies demonstrated H N antigen in spikes on the NDV-like envelopes. The ECF from the recombinant-infected cultures also contained baculovirus particles which resembled standard baculovirus particles except that some showed polar protrusions of the envelope. It was concluded that the H N of NDV, in the absence of the matrix protein, might be able to initiate and control the production of viral envelopes which are morphologically identical to those of authentic NDV.
In previous studies in this laboratory (Nagy et al., 1990 ) the haemagglutinin-neuraminidase (HN) gene of Newcastle disease virus (NDV), an avian paramyxovirus, was cloned as a cDNA and inserted into a baculovirus expression vector. The baculovirus-HN recombinant expressed HN which was antigenically and electrophoretically similar to authentic HN, and had both haemagglutinating and neuraminidase biological activities. Spodoptera frugiperda cells infected with the recombinant exhibited haemadsorption, indicating that the HN was translocated to the cell surface. In the same study, haemagglutinating and neuraminidase activities were also found in the extracellular fluids (ECF) from the recombinant-infected S. frugiperda cultures, and the HN appeared to co-purify with the extracellular virus (ECV), whereas HN was lacking in ECF from uninfected S. frugiperda cells and from cells infected with the standard baculovirus. The HN protein accounted for at least 30~0 of the total protein in the recombinant ECV preparation, and we suspected that some HN might be incorporated into the envelope of the ECV.
It has been demonstrated recently that appropriate baculovirus vectors are capable of directing the assembly in insect cells of empty poliovirus particles (Urakawa et al., 1989) and of bluetongue virus core-like particles (French & Roy, 1990) . In addition it has been shown that the gag gene from the bovine immunodeficiency virus 0000-9822 © 1991 SGM (BIV) expressed in a baculovirus vector generated retrovirus-like particles, and the morphogenesis of the BIV-like envelope was identical to that in BIV-infected cells (Rasmussen et al., 1990) . However, although the influenza virus haemagglutinin (Kuroda et al., 1989) and the HN of parainfluenza virus type 3 (van Wyke Coelingh et al., 1987) have been expressed in the baculovirus expression vector system, morphological studies on the products of the infected cells have not been described. We therefore examined ECF from cells infected with the NDV HN-recombinant baculovirus by electron microscopy after negative staining and after immunogold labelling of the NDV HN antigen, and compared the particles which were found with those of authentic NDV.
The B1 strain of NDV was cultivated in the allantois of embryonated eggs, and virus in the allantoic fluid was concentrated about 100-fold by pelleting through a cushion of 30% sucrose and resuspending in phosphatebuffered saline (PBS). After negative staining with 2% phosphotungstic acid the virus was examined in a JEOL 100S electron microscope operating at 60 kV with an instrumental magnification of 50 000. The morphology of the virus (Fig. 1 ) was similar to the many previous descriptions, reviewed by Lancaster & Alexander (1975) . The virions were mainly roughly spherical, with a mean diameter of 270 _+ 91 nm (n = 25), although some filamentous particles were also seen. The length, width and spacing of the spikes on the envelope were also as described (Lancaster & Alexander, 1975) .
Both standard [Autographa californica nuclear polyhedrosis virus (AcNPV)] and H N recombinant (HNrecAcNPV) baculoviruses were cultivated in S.
frugiperda cells as described (Nagy et al., 1990) . The ECF was harvested after incubation of the cultures for 72 h, and virus was concentrated from the ECF by centrifugation at 100000 g for 30 min in a Beckman SW28 rotor. The pellets were resuspended in PBS and negatively stained as above. The AcNPV ECF contained only baculovirus particles of normal morphology (Summers & Volkman, 1976) , including naked nucleocapsids as well as enveloped virions. The HNrecAcNPV ECF also contained predominantly baculovirus particles which resembled those in the standard baculovirus ECF, although some showed unusual protrusions of the viral envelope at one or both poles of the rod-shaped virions, in the region of the terminal peplomers. However, about 2 0~ of the particles in the HNrecAcNPV ECF were enveloped particles (Fig. 2) which were morphologically identical to NDV envelopes. Many of these particles were roughly spherical, with a mean diameter of 281 + 127 nm (n---17), which was not significantly different by student's t-test from the diameter of authentic NDV particles. Filamentous particles were also present. The length, width and spacing of the spikes on the envelope were also similar to those of the authentic NDV particles. These NDV-like envelopes were not seen in ECF from uninfected S. frugiperda cultures, nor from cells infected with standard baculovirus. NDV, concentrated from allantoic fluid, and AcNPV and HNrecAcNPV, partially purified from ECF, were further examined by immunogold staining of the H N antigen. The procedure was based on the technique for Protein A-gold immunoelectron microscopy described by Doane & Anderson (1987) , with the substitution of 5 nm particles of Protein G-gold (Janssen Life Sciences Products) for Protein A-gold. NDV was diluted 10 -3 and the baculoviruses were diluted 10 -2 in 25 ~tl volumes of PBS in microtitre plates. An equal volume of a mouse anti-NDV H N monoclonal antibody (MAb) (Erdei et al., 1987 ) diluted 10 -3 was added to each well, and the plates were incubated at 37 °C for 45 min. The plates were then shaken on a microplate shaker for 2 min, and 25 ~tl of Protein G-gold diluted 10 -2 in deionized water was added. The incubation and shaking were repeated, and a sample was removed from each well for negative staining and electron microscopic examination as above. The specificity of H N labelling was confirmed by the use of a negative control MAb in place of the anti-NDV H N antibody.
Electron microscopic examination of NDV following immunogold staining revealed the deposition of antibody on the surface of the viral envelope, with the attachment of Protein G-gold particles to the spikes (Fig. 3) . The NDV-like envelopes in the HNrecAcNPV ECF stained with immunogold in a manner identical to the authentic NDV (Fig. 4) . Neither authentic NDV nor the NDV-like envelopes showed a positive reaction when a negative control MAb was substituted for the H N antibody. Portions of the baculovirus envelope, in both AcNPV and HNrecAcNPV ECF showed attachment of Protein G-gold particles, but this reaction was found to be non-specific since it also occurred when the negative control MAb was used, and even when PBS was used in place of antibodies in the immunogold staining procedure. Binding of the Protein G-gold to the baculovirus envelope was blocked by preincubation of the Protein G-gold with the negative control MAb. This non-specific attachment of Protein G-gold to the baculovirus envelope made it impossible to determine whether the H N antigen was incorporated into the envelope. Non-specific attachment also occurred when Protein A was used in place of Protein G.
The final stages of assembly of paramyxoviruses involve the replacement o f most of the endogenous cellular proteins of the plasma membrane lipid bilayer with viral glycoproteins, aggregation of matrix protein molecules on the inner surface of the nascent envelope, and alignment of viral nucleocapsids beneath the cell surface (Kingsbury, 1990) . Virions are then formed by budding from the cell membrane, but the roles of the virion components in the initiation and control of the budding process are poorly understood, although the matrix protein is believed to be of major importance in this regard (Peeples, 1988) . In our studies the matrix protein was lacking in the recombinant as shown by Western blot analysis with polyclonal antisera to NDV, and by the failure of antisera against extracts of cells infected with the recombinant to react with N D V proteins other than H N (Nagy et al., 1990) . It is possible that a baculovirus protein such a s the 64K major envelope glycoprotein may substitute for the M protein by participating in the generation of the NDV-like envelopes, but there was no evidence of incorporation of baculovirus nucleocapsids within these envelopes. The present findings suggest that the H N glycoprotein of NDV, alone or in concert with a baculovirus protein, may be capable of initiating and controlling the production of viral envelopes which resemble those of NDV, perhaps in a manner analogous to that by which the gag protein of BIV-generated BIV-like envelopes from recombinant baculovirus-infected cells does so (Rasmussen et al., 1990) . Since the NDV-like envelopes were found in the E C F of the S. frugiperda cultures, it seems likely that they were produced by budding from the cell membrane, but confirmation of this must await the electron microscopical examination of ultrathin sections of the infected cells. It is also hypothesized that the H N antigen presented as spikes on the surface of the NDV-like envelopes should be highly immunogenic.
